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ABSTRACTED-PUB-NO: JP 2002266022 A 
BASIC-ABSTRACT: 

NOVELTY - The steel composition is subjected to two-phase heat-processing. 
The average cooling rate from heating temperature to 200 degreesC is 0.1-100 
degreesC/second. The heating temperature is (Ac1 transformation point+10 
degreesC) to (Ac1 transformation point+100 degreesC). The holding time is 5 
hours or less and the obtained ultra-fine ferrite grains are of size 1-3 microns, 
forming 50% or less of the steel composition. 

DESCRIPTION - Steel comprising carbon (in mass%) (0.01-0.2), silicon (0.01-1), 
manganese (0.1-2), aluminum (0.001-0.1) and nitrogen (0.001-0.01), titanium 
(0.003-0.1), vanadium (0.005-0.5) and/or niobium (0.003-0.1), and phosphorus 
(0.02 or less) or sulfur (0.01 or less), remainder iron and impurities, is subjected 
to two-phase heat-processing. The average cooling rate from heating 
temperature to 200 degreesC is 0.1-100 degreesC/second. The heating 
temperature is (Ac1 transformation point+10 degreesC)-(Ac1 transformation 
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point+100 degreesC). The holding time is 5 hours or less and the obtained ultra- 
fine ferrite grains are of size 1 -3 microns, forming 50% or less of the steel 
composition. 

USE - For welded structure like sea structures, pressure vessel, ship building, 
bridges, buildings and line pipes. 

ADVANTAGE - The steel material has excellent earthquake resistance, low 
temperature toughness, uniform elongation, high ductility and high tensile 
strength. 

EQUIVALENT-ABSTRACTS: 

INORGANIC CHEMISTRY 

Preferred Properties: The rate of increase of temperature till it results in heating 
temperature from 300 degreesC, is 1-100 degreesC/second. After two-phase 
heat-processing, the steel is further annealed at 250-600 degreesC. 

Preferred Components: The steel further comprises nickel (0.1-5), copper (0.1- 
1.5), chromium (0.01-2), molybdenum (0.01-2), tungsten (0.01-2), zirconium 
(0.003-0.1), tantalum (0.005-0.2) and/or boron (0.0002-0.005). Alternately, the 
steel comprises magnesium (0.0005-0.001), calcium (0.0005-0.01) and/or yttrium 
(0.005-0.1). 

TITLE- MANUFACTURE METHOD HIGH TENSILE STEEL WELD 
TERMS: STRUCTURE TWO PHASE HEAT PROCESS OBTAIN FERRITE 
GRAIN PRESET SIZE 

DERWENT-CLASS: M24 M27 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has sufficient intensity as steel for welded 
structure, and is excellent in the ductility characteristics, such as uniform elongation, 
and it relates to the manufacturing method of high toughness and high ductility high 
tensile steel excellent also in low temperature toughness. Although the steel 
manufactured by this method can be used for a general welded steel structure, such as 
the offshore structure, a pressure vessel, shipbuilding, a bridge, a building, and a line 
pipe, for example, it is useful as steel materials for structures, such as construction 
which needs especially earthquake resistance from high ductility and high toughness 
being compatible, and a bridge. Although not asked especially as a gestalt of steel 
materials, it is useful at the steel plate in which it is used as a structural member and 
low-temperature toughness is demanded especially a thick plate, steel tube stock, or 
section steel. 

[0002] 

[Description of the Prior Art] It is known that it is effective in improvement in the ductility 
characteristic, especially uniform elongation to make the ferrite (alpha) of a soft phase 
distribute optimum dose of hard phases of martensite equality. Although the 
manufacturing method of the two phase steel which consists of this elasticity alpha and 
hard phase is variously proposed from the former, So that it may be represented by the 
method (henceforth QLT processing) of performing intermediate heat treatment which is 
annealed with hardening and heated to a ferrite (alpha) + austenite (gamma) two phase 
region between heat treatments, It aims at making the mixed organization of alpha as a 
soft phase, the bainite as a hard phase, martensite, or a bi-phase intermingled 
fundamentally. 

[0003] And the whole intensity level and a yield ratio, and the ductility characteristic 
have been controlled by changing the mixture ratio of these phases. The manufacturing 
method for obtaining the mixed organization of this soft phase and a hard phase is 


variously proposed from the former, for example, to JP, 53-2381 7, A. Ac1 after carrying 
out reheating hardening of the steel plate A transformation point and Ac3 Hardening 
****** is indicated, after reheating between transformation points, considering it as the 
two phase of gamma and alpha, showing the method of carrying out air cooling and 
reheating to a two phase region similarly at JP,4-314824,A. Ar3 after hot-rolling, for 
example from gamma region to a two phase region to JP, 63-28651 7, A as a method of 
manufacturing on-line, without performing a reheating process The method of carrying 
out air cooling to a temperature lower 20-100 ** than a transformation point, making 
generate alpha phase, and quenching after that is indicated. 

[0004] After carrying out reheating hardening, it is Ac1 further. A transformation point 
and Ac3 After reheating between transformation points and considering it as the two 
phase of gamma and alpha, structure control is comparatively easy for the QLT 
processing which includes air cooling or the two-phase region heat treatment to water- 
cool, but. As [ two-phase-region-heat-treatment ], since toughness deteriorates 
extremely, it becomes indispensable to perform tempering treatment at less than an Ac1 
transformation point further. For this reason, QLT processing has a complicated process 
and the fall of productivity has a large problem. Ac1 If tempering treatment is performed 
in less than a transformation point, the high uniform elongation obtained with two-phase 
region heat treatment for precipitation strengthening in the strength reduction and alpha 
host phase of a hard phase will deteriorate rather. 

[0005] 

[Problem(s) to be Solved by the Invention] Depending on the Prior art, it was difficult to 
perform two-phase region heat treatment and to reconcile Koichi Mr. elongation and 
toughness in the steel which improves the ductility characteristic represented by uniform 
elongation. Then, this invention makes it a technical problem to provide the method of 
manufacturing the high tensile steel which has the conventional two-phase-region-heat- 
treatment material and the uniform elongation more than equivalent, and has still better 
toughness. 

[0006] 

[Means for Solving the Problem] Although a thing with toughness reservation difficult in 
steel which performed two-phase region heat treatment is because the toughness of a 
hard phase is generally inferior, for uniform elongation reservation, existence of a hard 
phase is inescapable. Then, this invention persons examined how to secure toughness 
as the whole two phase structure, by improving the toughness of a ferrite which is a soft 
phase. After specifically controlling degradation of toughness as much as possible 
because a ferrite grain size rationalizes chemical composition and two-phase-region- 
heat-treatment conditions, using super-fine grained steel of about 3 micrometers or less 
as a raw material before two-phase region heat treatment, proper chemical composition 
for raising uniform elongation and a heat treatment condition were examined. 

[0007] Since it becomes unstable more nearly thermally [ as minuteness making of the 
crystal grain diameter is carried out ] and becomes easy for an organization to make a 
super-fine grain organization big and rough by heat treatment etc., it is not easy to 


perform two-phase region heat treatment to a super-fine grain organization, and to 
make a hard phase form in a super-fine grain organization. . This invention persons can 
set to super-fine grained steel manufactured in a ferrite region - a two phase region 
using recrystallization of a ferrite by applying large rolling of a cumulative draft. In order 
to examine a two-phase-region-heat-treatment method compatible in high toughness 
and Koichi Mr. elongation and to control big and rough-ization of a super-fine grain 
organization, naturally two-phase-region-heat-treatment conditions were devised, but it 
found out that it needed to be satisfied also with a super-fine grain organization before 
performing two-phase region heat treatment of fixed requirements further, and resulted 
in this invention. 

[0008] The place made into a gist of this invention is as follows. 
(1) At mass %, it is C. : 0.01 to 0.2%, Si : [ 0.01 to 1%, ] Mn: 0.1-2%, aluminum : 0.001 
to 0.1% and N:0.001 to 0.01% are contained, And Ti: 0.003 to 0.1%, V : 0.005 to 0.5%, 
Nb : Contain 0.003 to 0.1% of one kind, and two sorts or more, and further as an 
impurity, P : 0.02% or less, S : Contain 0.01% or less, the remainder consists of iron 
and an inevitable impurity, and an average ferrite grain size at 1-3 micrometers. In 
cooking temperature, to steel in which a rate of the second phase other than a ferrite 
occupied in an organization has 50% or less of super-fine grain ferrite, - (Ac1 +10 ** of 
transformation points) (Ac1 +100 ** of transformation points) and retention time in 5 or 
less hours. And a manufacturing method of high toughness and high ductility high 
tensile steel performing two-phase region heat treatment whose average cooling rate 
from cooking temperature to 200 ** is 0.1-100 *7s. 

[0009] (2) A manufacturing method of high toughness and high ductility high tensile 
steel given in the above (1 ), wherein a heating rate of a to [ face performing two-phase 
region heat treatment, and / from 300 ** / cooking temperature ] is 1-100 *7s. 
(3) A manufacturing method of high toughness and high ductility high tensile steel the 
above (1 ) giving annealing whose cooking temperature is 250-600 ** further after two- 
phase region heat treatment, or given in (2). 

As a steel composition, by mass %, further (4) nickel :0. 1-5%, Cu:0.1-1.5%, Cr: 0.01-2%, 
Mo: 0.01 to 2%, W : 0.01 to 2%, Zr: 0.003-0.1%, Ta: 0.005 to 0.2%, B : Manufacturing 
method of high toughness and high ductility high tensile steel given in any 1 paragraph 
of aforementioned (1) - (3) containing 0.0002 to 0.005% of one sort, or two sorts or 
more. 

As a steel composition, by mass %, further (5) Mg:0. 0005-0.01%, Ca: 0.0005 to 0.01%, 
Y : Manufacturing method of high toughness and high ductility high tensile steel given in 
any 1 paragraph of aforementioned (1) - (4) containing two of one sort or 0.005 to 0.1% 
of sorts or more. 

[0010] 

[Embodiment of the Invention] An embodiment of the invention is described in detail 
below. Performing suitable heat treatment for the super-fine grained steel which 
organized and rationalized chemical composition, and controlling big and rough-ization 
of a super-fine grain organization, this invention is distributing the hard second phase 
appropriately, and makes it requirements to reconcile high toughness and Koichi Mr. 


elongation. Then, the reason for limitation of the method of distributing the hard second 
phase appropriately is explained, describing the chemical composition, the reason for 
limitation, and operation of the super-fine grain organization before heat treatment first, 
and controlling big and rough-ization of a super-fine grain organization subsequently. 

[001 1] By adding C as an effective ingredient which raises the intensity of steel, at less 
than 0.01%, reservation of intensity required for structural steel was difficult, and since 
an increase and embrittlement of a hard phase were caused and toughness and 
uniform elongation deteriorated, superfluous addition to which it exceeds 0.2% was 
taken as 0.01 to 0.2% of range. 

[0012] Si is an element effective in intensity reservation of a base material as a 
deoxidizing element. Deoxidation becomes insufficient in less than 0.01% of addition, 
and it is disadvantageous for intensity reservation. Conversely, the superfluous addition 
exceeding 1% forms a big and rough oxide, and causes ductility and toughness 
degradation. Then, the range of Si was made into 0.01 to 1%. 

[0013] Mn is an element required for reservation of the intensity of a base material, and 
toughness, and it is necessary to add it 0.1% or more at worst. However, in order that 
the superfluous addition exceeding 2% might produce toughness degradation by a hard 
phase like superfluous C content and might degrade the toughness of a weld zone, 
crack nature, etc., it made the maximum 2%. 

[0014] aluminum is an element effective in deoxidation, the organization minuteness 
making through grain refining of austenite particle diameter, etc., in order to 
demonstrate an effect, it is necessary to contain 0.001% or more but, and. If it adds 
superfluously exceeding 0.1%, in order to form a big and rough oxide and to degrade 
ductility extremely, it is necessary to limit to 0.001% - 0.1% of range. 

[001 5] In order for the effect to become clear, it is necessary to make N contain 0.001 % 
or more, although it is connected with aluminum or Ti and works effective in austenite 
grain minuteness making. On the other hand, if it adds superfluously, the dissolution N 
will increase and it will lead to degradation of the increase in a yield ratio, or the 
toughness of a base material and a heat affected zone. A maximum is made into 0.01% 
as a range permissible from a viewpoint of toughness reservation. 

[0016] It becomes indispensable requirements to add properly one sort of Ti, V, and Nb 
or two sorts or more in this invention. That is, in order to face performing two-phase 
region heat treatment to an unstable super-fine grain organization thermally and to 
control stably big and rough-ization of a super-fine grain organization, a front [ heat 
treatment ] organization and just limitation of two-phase-region-heat-treatment 
conditions are insufficient, and it is necessary to distribute carbon nitride minutely and to 
demonstrate the pinning effect over grain growth. Therefore, one sort of Ti effective in 
detailed carbon nitride formation, V, and Nb or two sorts or more are added properly. In 
this invention, the addition of each element is respectively limited for the reason for the 


following. 


[0017] Although Ti is an element effective also in austenite grain minuteness making by 
formation of the carbon nitride, in this invention, it is effective in the grain growth control 
at the time of the two-phase region heat treatment of a super-fine grain organization. In 
order to form carbon nitride and to be able to demonstrate an effect, 0.003% or more 
needs to be added. A maximum is made into 0.1%, in order to form a big and rough 
oxide or carbon nitride and to degrade toughness and ductility, if it exceeds 0.1% on the 
other hand. 

[001 8] V also has the same effect as Ti in this invention. In order to carry out fine 
dispersion of the carbon nitride and to be able to demonstrate an effect, 0.005% or 
more needs to be added. If it exceeds 0.5% on the other hand, in order to form big and 
rough carbon nitride and to degrade toughness and ductility, in this invention, the 
content of V is limited to 0.005 to 0.5% of range. 

[001 9] Nb also has the same effect as Ti or V in this invention. In order to carry out fine 
dispersion of the carbon nitride and to be able to demonstrate an effect, 0.003% or 
more needs to be added. If it exceeds 0.1 % on the other hand, in order for deposit 
embrittlement to become remarkable, and to form big and rough carbon nitride and to 
degrade toughness and ductility further, in this invention, the content of Nb is limited to 
0.003 to 0.1% of range. 

[0020] P and S are impurity elements and decreasing as much as possible is preferred. 
The tendency of P to degrade toughness was remarkable and it made the maximum 
0.02% as a quantity permissible from a point of toughness reservation. 

[0021] S is an element [ in especially the steel plate that especially needs to form MnS, 
and for a degradation **** reason needs to secure as the target ductility / this invention / 
value / ductility ] to be decreased. However, the maximum of the content is made into 
0.01% as a maximum which can permit ductile degradation practical. 

[0022] Although the above is a fundamental component of this invention steel, 
according to a desired intensity level, one sort of nickel, Cu, Cr, Mo, W, Zr, Ta, and B or 
two sorts or more can be contained for the purpose of a rise of base material intensity if 
needed. The reason for limitation of those ingredients is explained below. 

[0023] nickel can improve the intensity and toughness of a base material 
simultaneously, and in order to demonstrate an effect, it is necessary to make it contain 
0.1% or more, although it is a very effective element. If content increases, intensity and 
toughness will improve, but since an effect is saturated even if it adds exceeding 5%, 
economical efficiency is also taken into consideration and a maximum is made into 5%. 

[0024] in order for Cu to also have the almost same effect as nickel and to demonstrate 
the effect, it adds 0.1 % or more, but in more than 1 .5% of addition, since a problem is 


produced to hot-working nature, it limits to 0.1 to 1.5% of range. 

[0025] Although it is an element effective in the improving strength of a base material, 
Cr is required 0.01 % or more, in order to produce a clear effect, and since it has the 
tendency for toughness to deteriorate when it adds exceeding 2% on the other hand, it 
is taken as 0.01 to 2% of range. 

[0026] Although Mo is also an element effective in the improving strength of a base 
material, in order to produce a clear effect, it is required 0.01% or more, and since it has 
the tendency for toughness to deteriorate when it adds exceeding 2% on the other 
hand, it is considered as 0.01 to 2% of range. 

[0027] Although W as well as Mo is an element effective in the improving strength of a 
base material, in order to produce a clear effect, it is required 0.01% or more, and since 
it has the tendency for toughness to deteriorate when it adds exceeding 2% on the other 
hand, it is considered as 0.01 to 2% of range. 

[0028] Although Zr is an element which demonstrates an effect to precipitation 
strengthening or grain refining, in order to demonstrate an effect, 0.003 or more addition 
is required. On the other hand, in more than 0.1% of superfluous addition, since 
degradation of the toughness by big-and-rough-izing of a sludge is produced, it limits to 
0.003% - 0.1% of range. 

[0029] although Ta is effective in precipitation strengthening or grain refining similarly, 
in order to demonstrate an effect, it is required 0.005% or more, and since toughness 
degradation is produced conversely, the range is made into 0.005% - 0.2% at more than 
0.2%. 

[0030] Although the hardenability of steel materials is improved very much by minute 
amount addition and it is dramatically effective in an intensity rise, if it adds 
superfluously, BN will be formed, and B makes a maximum 0.005%, in order [ 0.0002% 
or more of ] to drop hardenability conversely or to degrade toughness greatly. 

[0031] One sort of Mg, Ca, and Y or two sorts or more can be contained for the 
purpose of raising ductility and the toughness (HAZ toughness) of a weld zone stably in 
this invention. All improve the ductility characteristic by the fine dispersion of an oxide 
and a sulfide, and minuteness making of the organization of a heat affected zone (HAZ) 
is carried out, and HAZ toughness is made to improve. In order to demonstrate the 
effect, Mg and Ca need to make Y contain 0.005% or more 0.0005% or more, 
respectively. On the other hand, if it adds superfluously, an oxide and a sulfide will 
become big and rough, and in order that itself may become a starting point of a brittle 
fracture and may degrade HAZ toughness conversely, as for Mg and Ca, Y limits a 
maximum to 0.1% 0.01%, respectively. 

[0032] The above is a reason for limitation about the chemical composition of this 
invention. Next, the reason for limitation for a super-fine grain organization which steel 


before heat-treating for the improvement in the ductility characteristic should have is 
explained. Although it needed to be considered as the two phase structure of the ferrite 
of a soft phase, and a hard phase for the improvement in the ductility characteristic of 
uniform elongation etc., since it was not desirable to toughness, the hard phase was 
difficult to reconcile toughness and ductility in this two phase steel conventionally. 

[0033] Then, this invention persons are carrying out minuteness making of the 
organization of the ferrite which is a soft phase as much as possible, and examined how 
to offset toughness degradation by a hard phase. As a result, when the ferrite grain size 
rationalized the two-phase region heat treatment for hard phase formation in super-fine 
grained steel of about 3 micrometers or less, the knowledge of it being possible to raise 
both toughness and uniform elongation was carried out by detailed experiment. 

[0034] That is, in this invention, the rate of the second phase other than the ferrite 
which an average ferrite grain size is 1-3 micrometers, and occupies in an organization 
limits the requirements for an organization of steel before two-phase region heat 
treatment to 50% or less. That is, the minimum of the average ferrite grain size was 1 
micrometer because unusual grain growth may be produced and toughness may 
deteriorate notably as a result, when a ferrite grain size becomes thermal very unstable 
with it being a super-fine grain below 1 micrometer and performs the below-mentioned 
two-phase region heat treatment. On the other hand, if an average ferrite grain size is 
more than 3 micrometers, in the steel which has the chemical composition of this 
invention, such grain growth will not arise and toughness reservation will be achieved 
stably. 

[0035] If an average ferrite grain size is a super-fine grain organization of 3 
micrometers or less, the hard second phase formed at the time of two-phase region 
heat treatment will also become detailed, and toughness degradation will hardly 
produce it. However, an average ferrite grain size cannot expect such an effect at more 
than 3 micrometers, but the hard second phase which is not preferred may distribute big 
and rough to toughness, and it becomes difficult to prevent toughness degradation 
certainly. 

[0036] In this invention, the rate of the second phase other than the ferrite further 
occupied in an organization is limited to 50% or less as requirements for an 
organization. The second phase formed by two-phase region heat treatment as the 
percentage of the second phase other than a ferrite is more than 50% becomes big and 
rough, and this is because the toughness improved effect by a super-fine grain 
organization becomes less effective. If the percentage of the second phase other than a 
ferrite is 50% or less, since the toughness of steel is influenced mainly by a super-fine 
grain ferrite, it will become possible to secure toughness good for not being based on 
the size dispersion state of the hard second phase. 

[0037] Although it does not ask about the means forming of a super-fine grain 
organization in this invention, the concrete means is variously proposed including what 
is depended on this invention persons. For example, according to the method currently 


indicated by JP,7-126797,A and JP,8-295982,A, it is possible to manufacture steel with 
which it is satisfied of the requirements for an organization of this invention. 

[0038] The above is the reason for limitation of the requirements for an organization 
steel before the chemical composition in this invention and two-phase region heat 
treatment should possess. Next, the requirements about the manufacturing conditions 
for making the proper microduplex structure of a soft phase and a hard phase required 
in order to attain a Koichi Mr. extension characteristic form are shown. 

[0039] In this invention, it has proper chemical composition, and an average ferrite 
grain size is 1-3 micrometers, In cooking temperature, - (Ac1 +10 ** of transformation 
points) (Ac1 +100 ** of transformation points) and retention time to the steel in which the 
rate of the second phase other than the ferrite occupied in an organization has 50% or 
less of super-fine grain ferrite in 5 or less hours. And by performing two-phase region 
heat treatment whose average cooling rate from cooking temperature to 200 ** is 0.1- 
1 00 *7s, the proper microduplex structure of a soft phase and a hard phase is made to 
form, and toughness and ductility are reconciled. 

[0040] it is enough for intensity reservation to make the minimum of cooking 
temperature into (+10 ** of Ac1 transformation points) in a hard phase, although it is 
necessary to carry out quantity formation, It is Ac1 in order to secure amount of 
austenites sufficient in the range of possible retention time since it is necessary to 
secure austenite enough by a heating stage for that purpose. It is considered as 
cooking temperature higher 10 ** than a transformation point. A hard phase increases 
so that cooking temperature is high, but. Since the ductility characteristic has a 
possibility that the super-fine grain organization which deteriorated and had before 
heating may decrease in number and cancel with grain growth when the rate of a soft 
phase decreases, Based on a detailed experiment, (+100 ** of Ac1 transformation 
points) are limited as a maximum as cooking temperature in which intensity balances 
with uniform elongation, and a super-fine grain organization is held, and toughness 
does not deteriorate. 

[0041] Although it is necessary to make into - (Ac1 +10 ** of transformation points) (Ac1 
+100 ** of transformation points) cooking temperature of heat treatment given to a 
super-fine grain organization based on the reason for the above, the heating retention 
time is limited in 5 or less hours by this invention, in order to stop big and rough-ization 
of the super-fine grain organization under heat treatment to the minimum. Since static 
recrystallization and a possibility of grain growth being carried out, and a ferrite grain 
becoming big and rough notably as a result, and causing toughness degradation have a 
super-fine grain organization as retention time is more than 5 hours, it is not desirable. If 
retention time is 5 or less hours, the deterioration quantity of toughness of what may 
produce some grain growth can be controlled to such an extent that it is permissible. It 
is preferred that hold the super-fine grain organization of steel before heat treatment, 
limit the maximum of cooking temperature to (+50 ** of Ac1 transformation points), and 
it limits retention time in 1 or less hour further when aiming at controlling toughness 


degradation thoroughly. 

[0042] In this invention, cooling after heating / maintenance is limited [ s ] in 0.1-100 ** 
/with the average cooling rate from cooking temperature to 200 **. The degree of this 
cooling rate is limited in order to make the austenite formed by the heating stage 
metamorphose into the mixed organization of bainite, martensite, or a bi-phase 
certainly. With the average cooling rate from cooking temperature to 200 **, if it is 0.1 
*7s or more, and it is the chemical composition range of this invention, a desired hard 
phase can be formed. Depending on chemical composition, a bainite phase is not 
formed as a cooling rate is less than 0.1 *7s, but there is a possibility of 
metamorphosing into the big and rough pearlite phase or false pearlite phase of 
cementite, and ductile improvement cannot be expected, and also there is a tendency 
for toughness to also deteriorate. 

[0043] Although a cooling rate is so preferred that it is large, even if it is enough in s in 
100 ** /or less practical and enlarges a cooling rate more from a viewpoint of hard 
phase formation, while the effect over the improvement in construction material is 
saturated, Since shape aggravation of steel and concern of the increase in remaining 
stress arise, in this invention, the maximum of the cooling rate in heat treatment is set to 
s in 100 ** /. 

[0044] It is satisfactory if control of the cooling rate after heat treatment is performed to 
200 **. That is, it is for having completed the transformation to the bainite or martensite 
which is a hard phase about 100% by 200 **, and hardly influencing final construction 
material by the cooling conditions after 200 **. However, since there is a possibility of 
carbide depositing in a grain and degrading ductility when a cooling rate is very slow, 
the cooling rate at 200 ** or less should take care so that it may become in 0.01 *7s or 
more. 

[0045] Furthermore in this invention, the heating rate of a to [ from 300 ** / cooking 
temperature ] in this two-phase region heat treatment is limited [ s ] in 1-100 ** /if 
needed. In the usual heat treatment, after inserting steel in a heat treating furnace, the 
furnace heating method inserted in the heat treating furnace which started temperature 
up or was set up near the cooking temperature is common, but. In these methods, like a 
thick plate, when the size of steel is large, a heating rate is about at most 10-20 *7s, 
but. After inserting in high frequency induction heating, energizing heating, or the 
furnace set as the elevated temperature rather than cooking temperature, by the 
method of adjusting coke oven temperature according to the temperature of steel. Since 
the generation site of the austenite phase in temperature up will increase if rapid 
heating whose heating rate is 1-100 *7s is performed, the fine dispersion of the hard 
phase which cannot be attained in the usual furnace heating method is attained, and 
change of a raw material organization can be controlled as much as possible. 

[0046] That is, especially in the case where it is preferred like this invention not to 
change the super-fine grain organization of a raw material as much as possible, the 
rapid heating in two-phase region heat treatment is dramatically effective, in order to 


control inescapable toughness degradation in limit with two-phase region heat 
treatment. If a heating rate is 1 *7s or more, the fine dispersion of a hard phase and the 
toughness degradation depressor effect as the result will be stabilized, and it will be 
enjoyed. 

[0047] Although a heating rate is so preferred that it is large, rapid heating which 
exceeds s in 1 00 ** /, Even if it is not realistic from the capability of the heat treating 
facility obtained in the actual condition and is able to attain, since homogeneous 
reservation of tending to be saturated and the temperature distribution of steel becomes 
difficult, the organization minuteness making effect sets the maximum of a heating rate 
to s in 1 00 ** /by this invention. Control of the heating rate was set up from not less than 
300 ** because it was so small that the grade of movement of C which is not based on a 
heating rate but influences histogenesis below by a transformation point in the range 
below 300 **, or a rearrangement can ignore compared with a not less than 300 ** 
pyrosphere. 

[0048] In this invention, it is the stress relief of steel, and the purpose of intensity 
adjustment, and annealing whose cooking temperature is 250-600 ** can be given, it 
anneals that the cooking temperature of annealing is less than 250 **, an effect is not 
enough, and since the intensity of a hard phase falls that it is more than 600 ** on the 
other hand, and intensity and uniform elongation balance deteriorate, it is not desirable. 
About the retention time and the cooling conditions of annealing. The influence on 
construction material is dramatically small compared with cooking temperature, and 
although it is not necessary to specify in particular in the realistic condition range, in 
order that retention time may prevent ductility degradation by 48h or less and the 
deposit within a grain of cementite for big and rough-ized control of an organization, a 
cooling rate is more preferred [ s ] in 0.01 ** /or more. 

[0049] 

[Example] Below, the example of this invention is described. The steel plate was 
manufactured by the method shown in Table 2 using the slab which has the chemical 
composition shown in Table 1 . All over Table 1 and 2, chemical composition or a steel 
organization also doubles and shows the comparative example with which it is not 
satisfied of this invention. Mechanical properties were investigated after heat-treating 
further to the steel plate shown in Table 2. The heat treatment condition and mechanical 
properties in that case are shown in Table 3. The heat treatment condition and 
mechanical properties of the comparative example with which it is not satisfied of this 
invention were also collectively shown in Table 3. 

[0050]As mechanical properties, tractive characteristics and 2mmV notch Charpy 
impact property were investigated. Right-angled, from the board thickness central part, 
mechanical properties extracted the specimen to the rolling direction, and were 
performed to it. The parallel part made the test piece for tensile test a 6 mm phix24 mm 
round bar specimen, and the piece of a Charpy test was taken as the standard test 
block with a specimen thickness of 10 mm. Carrying out the tensile test at the room 
temperature, various Charpy tests examined at temperature and asked for fracture 


transition temperature (vTrs). 

[0051] The steel plate of test number A1-1 - A10-2 has satisfied all the requirements for 
this invention among Table 3. 

Since the super-fine grain organization is mostly held in spite of having performed two- 
phase region heat treatment, all vTrs(es) are very as good as -119** or less, Tensile 
strength has a value in which about 800 MPa classes are also very as high as not less 
than 13.6% not less than about 17.9% in about 500 MPa classes, and, also as for 
uniform elongation, it is clear for manufacture of the steel with which the high toughness 
(vTrs) and high ductility (tractive characteristics) of the very high level were compatible 
by this invention to be possible. 

From Table 3, it was checked that it is [ toughness ] still better to enlarge a heating rate 
on the occasion of two-phase region heat treatment also among this inventions. 

[0052] On the other hand, test number B1-1 - B6-4 have not satisfied either of the 
requirements for this invention among Table 3, and mechanical properties are clearly 
inferior for the reason shown below compared with test number A1-1 manufactured by 
this invention - A10-2 steel plate. That is, since test number B1-1 is manufactured by 
hot-rolling usual in a steel plate, the ferrite grain size before two-phase region heat 
treatment did not satisfy this invention, but toughness has deteriorated greatly with two- 
phase region heat treatment. 

[0053] Since test number B-2-1 does not have the proper hot-rolling conditions, the 
ferrite grain size before two-phase region heat treatment and the second phase molar 
fraction do not satisfy this invention, but the toughness after two-phase region heat 
treatment is inferior in it. Test number B3-1 , B4-1 , and B5-1 are examples with which 
chemical composition is not satisfied of this invention, since B3-1 has the excessive 
amount of C, uniform elongation and toughness are notably inferior to this invention, 
and since B4-1 has the excessive amount of Mn, its toughness is not enough, both Ti 
indispensable in order that test number B5-1 may control growth of a super-fine grain 
organization in the case of two-phase region heat treatment V and Nb - although - 
since it does not contain, a super-fine grain organization becomes big and rough at the 
time of two-phase region heat treatment, and, as a result, toughness is inferior 
compared with this invention. 

[0054] Test number B6-1 and B6-2, although this invention is satisfied, since the heat 
treatment condition for distributing a soft phase and a hard phase properly has not 
satisfied this invention, the requirements for an organization before chemical 
composition and heat treatment are toughness and an example which is inferior in 
uniform elongation respectively. That is, since test number B6-1 has too high a two- 
phase-region-heat-treatment temperature, the super-fine grain organization was 
canceled mostly and the ferrite grain size has made it big and rough. 
Compared with this invention steel of the same presentation, intensity and toughness 
are inferior. 

In heat treatment equivalent to two-phase region heat treatment, the cooking 
temperature of test number B6-2 is Ac1 . Since it has not reached at a transformation 


point, a hard phase is not formed, but intensity is lower and substantially inferior in 
uniform elongation compared with two-phase-region-heat-treatment material. 

[0055] Since the grain growth of a super-fine grain ferrite arises even if it is the 
chemical composition of this invention, since the retention time of two-phase region heat 
treatment is excessive, test number B6-3 has remarkable degradation of toughness. On 
the other hand, since cooling in two-phase region heat treatment separates from this 
invention and serves as annealing extremely, the indispensable hard second phase is 
not formed in the improvement in uniform elongation, but test number B6-4 has become 
a big and rough pearlite phase. 

Therefore, uniform elongation is greatly inferior compared with this invention. 
It doubled, degradation of tensile strength is also produced and it is not desirable. 
According to this invention from the above example, it is clear for manufacture of high 
toughness and high ductility steel excellent in both 2mmV notch Charpy impact property 
and uniform elongation to be possible. 


[0056] 
Table 1] 

B | i* | 



[0057] 
[Table 2] 




[0059] 

[Effect of the Invention] Without having sufficient intensity as steel for welded structure, 
excelling in the ductility characteristics, such as uniform elongation, by this invention, 
and depending on the abundant addition of an alloy element with expensive high 
toughness and high ductility high tensile steel with high safety excellent also in low 
temperature toughness, manufacture becomes cheaply possible and the industrial 
effect is very remarkable. 


[Translation done.] 


